The effect of the polar moiety of lipids on bilayer conductance induced by uncouplers of oxidative phosphorylation.
Bilayer membranes were formed from decane, cholesterol, and three lipids isolated fromStaphylococcus aureus: positively charged lysyl phosphatidylglycerol (LysPG), negatively charged phosphatidylglycerol (PG), and neutral diglucosyldiglyceride (DiGluDiGly). The uncouplers of oxidative phosphorylation, 2,4-dinitrophenol (DNP) and 3-t-butyl,5-chloro,2'-chloro,4'-nitrosalicylanilide (S 13), increased the electrical conductance of all three differently charged bilayers. S 13 was found to be the most effective reagent of the known uncouplers in increasing conductance of the bilayers. The conductance induced by uncouplers was investigated as a function of pH and uncoupler concentration. The pH of maximum conductance for each uncoupling agent was dependent on both the uncoupler and the lipid; it was lower for each uncoupler in LysPG and higher in PG compared to DiGluDiGly bilayers. At a pH below the optimum for LysPG, the conductance of the positively charged membrane was 500 times and of the neutral one 10 times higher than that of the negatively charged bilayer at equal uncoupler concentration and pH. Above the pH optimum for DiGluDiGly, the conductance was approximately equal for the positive and neutral membranes, but was lower in PG bilayers. Conductance depended linearly on uncoupler concentration. The bilayer conductance induced by S 13 was entirely due to increased proton permeability in all three lipids. The findings are consistent with the role of uncouplers as "carriers" for protons across the hydrocarbon interior of lipid membranes. The differences in conductance of differently charged lipid bilayers at equal uncoupler concentration, as well as the change of pH optimum of conductance with lipid charge, can be explained in terms of an electrostatic energy contribution of the fixed lipid charges to the distribution of the uncoupler anion between the aqueous and the membrane phases.